A yigP mutant strain is a small colony variant of E. coli, and shows pleiotropic antibiotic resistance 
genes of these SCVs were only associated with the ETC, suggesting that more effort 69 is required to identify the diverse mechanisms responsible for E. coli SCVs.
70
The yigP (also named ubiJ) locus has been found in almost eighty organisms and 71 many of them are γ-proteobacteria. The yigP sequence is highly conserved among 72 these organisms. In E. coli, yigP is located between the ubiE and ubiB loci, and may 
Materials and Methods

97
Bacterial strains, plasmids, and growth conditions 98 The wild-type in the present study was the E. coli K-12 strain JM83, and unless 99 otherwise stated, the bacteria were grown at 37ºC in liquid or solid Luria-Bertani (LB) 100 media supplemented with apramycin (50 µg/mL) or ampicillin (100 µg/mL) as 101 indicated. All strains and plasmids used in the present study are listed in Table 1 
Growth curves
112
Growth curves were done in LB by measuring the optical density at 600 nm (OD 600 ).
113
Single colonies of wild-type (WT) and ∆yigP strains were cultured at 37°C overnight 114 with shaking (180 rpm) and diluted to an OD 600 of 0.03 in 100 mL fresh LB. The cells
115
were subcultured at 37°C with shaking (180 rpm) and the absorbance (OD600) was 116 measured at 1 h intervals for 10 h. The growth curves were repeated at least three 117 times.
118
Antibiotic sensitivity assays
119
Antibiotic sensitivity assays were conducted using the disk diffusion assay and MIC 120 test. Each strain was grown overnight at 37°C with shaking and then subcultured 100% (V/V)). Then, the bacterial samples were dried in a vacuum freeze dryer and 155 sputter-coated with gold. Finally, the bacteria were visualized with a S-3400N
156
scanning electron microscope (SEM, Hitachi, Japan).
157
Quinone Extraction and Analysis
158
Quinone extraction and analysis was performed as previously described by Ozeir et al 
175
Results
176
The yigP mutant strain was an E. coli SCV
177
We proposed to investigate the function of the yigP locus in the present study. We first 178 deleted the yigP locus in E. coli JM83 using a homologous recombination method.
179
Surprisingly during the course of the experiment, we observed SCVs when the 180 putative yigP deletion mutants (∆yigP) were cultured on LB agar (Fig. 1A) . We showed colony morphology similar to the WT (Fig. 1C) . The growth curves shown in Table 3 ). Streptomycin had no effect on these two strains chloramphenicol, tetracycline, rifampin, and nalidixic acid than the WT. These results
203
suggested that a yigP mutation could leads to pleiotropic antibiotic resistance in E.
204
coli.
205
The antibiotic sensitivities of ∆yigP/pUC-yigP and ∆yigP/pUC-P4P2 were also 206 determined to further corroborate the above hypothesis. As expected, the antibiotic 207 sensitivity assays revealed that pUC-yigP and pUC-P4P2 had recovered all the 208 antibiotic sensitivities of ∆yigP (Fig. 2) extensive than those of ∆yigP (Fig. 3A) . However, the biofilm density of ∆yigP was 217 the highest (Fig. 3B) because it grew more slowly than the other strains, and the 218 biofilm density of ∆yigP/pUC-P4P2 was similar to ∆yigP. The WT and 219 ∆yigP/pUC-yigP had almost the same biofilm density. These observations were not 220 coincidental with the antibiotic resistance phenotypes of the four strains, which meant 221 that the biofilm formation potential was not the major factor in the altered antibiotic 222 resistance.
223
Next, we tried to determine whether the pleiotropic antibiotic resistance was (Fig. 4) . These results showed that the size differences of ∆yigP cells might not 229 be a contributing factor to the altered antibiotic resistance.
230
The defect of Q 8 biosynthesis was responsible for the SCV
231
It is well-known that the genetic basis of SCVs has been commonly associated with 
293
In conclusion, our study demonstrated that yigP was a novel mutation in an E. coli 294 SCVs, and the SCV in the present study exhibited pleiotropic antibiotic resistance - Schneider, M., Muhlemann, K., Droz, S., Couzinet, S., Casaulta, C., and Zimmerli, S. and 88 h at 37°C with 10 -6 dilution gradient. rifampin. The data were an average of at least three independent experiments, "*"
464
indicates P < 0.05, "**" indicates P < 0.01, "***" indicates P < 0.001. . B) WT (filled squares), ∆yigP (open circles), ∆yigP/pUC-yigP (filled triangles), and ∆yigP/pUC-P4P2 (filled rhombuses) were grown overnight and then diluted to an OD600 of 0.03 in LB medium at 37°C. Growth was monitored at 600 nm. The experiment was performed at least three times, and identical patterns were obtained. C) Three strains ∆yigP, ∆yigP/pUC-yigP and ∆yigP/pUC-P4P2, along with the wild-type strain were grown on LB plates for 16 h, 24 h, 40 h, 48 h, 64 h, 72 h, and 88 h at 37°C with 10 -6 dilution gradient.
163x177mm (300 x 300 DPI) D r a f t Fig. 2 . Inhibition zones of WT, ∆yigP, ∆yigP/pUC-yigP and ∆yigP/pUC-P4P2. A) Inhibition zones for erythromycin, kanamycin, D-cycloserine, and nalidixic acid. B) Inhibition zones for ampicillin, polymyxin, chloramphenicol, tetracycline, and rifampin. The data were an average of at least three independent experiments, "*" indicates P < 0.05, "**" indicates P < 0.01, "***" indicates P < 0.001.
127x108mm (300 x 300 DPI) D r a f t Fig. 3 . Determination of the biofilm formation potential of WT, ∆yigP, ∆yigP/pUC-yigP and ∆yigP/pUC-P4P2. A) Total biofilms of four strains were determined by crystal violet staining after 48 h incubation at 28°C in 96-well polystyrene microtiter plate. B) The amounts of biofilm for the four strains were normalized by the cell densities (OD600). The data are the average of three independent experiments, "*" indicates P < 0.05, "**" indicates P < 0.01, "***" indicates P < 0.001. 
